Alzheimer tangles, despite their location in neuronal perikarya, react immunocytochemically with monoclonal antibodies to phosphorylated epitopes of neurofilaments. Normal perikarya do not contain phosphorylated neurofilaments. The aberrant phosphorylation in both plaques and tangles seems to be largely restricted to individual phosphorylation sites among the many sites available in neurorilaments. It is suggested that the Alzheimer lesion involves an imbalance within specific kinases responsible for phosphorylation of different sites in neurofilaments. Subsequent studies have shown (3) that the macroheterogeneity was posttranslational and depended on phosphorylation. Thus, antibodies from group II reacted exclusively with phosphorylated neurofilaments; those ofgroup III, with nonphosphorylated epitopes in neurofilaments that are masked by phosphorylation; and antibodies from group IV, apparently with a more accessible, nonphosphorylated neurofilament epitope. In tissue sections, trypsin or phosphatase treatment alone had no effect on the immunocytochemical staining by antibodies from group II. However, trypsin followed by phosphatase reduced the staining. Trypsin treatment abolished the staining by antibodies from group III. However, the staining with these antibodies reappeared by subsequent phosphatase treatment but was converted to axonal staining-i.e., from a group III to a group II pattern. The data permitted the conclusions that neurofilaments in dendrites, perikarya, and proximal axons are nonphosphorylated and that phosphorylation occurs during transport along the axon. Furthermore, it was apparent that phosphorylated neurofilaments were more compact than nonphosphorylated forms.
Excessive loss of memory and cognitive functions prior to the sixth decade of life defines Alzheimer disease clinically. Excessive loss of these functions after the sixth decade is considered senile dementia of the Alzheimer type. The pathologic corollary of these symptoms is the formation of neurofibrillary tangles and of senile plaques. Tangles are the result of a degenerative process in neuronal perikarya. They consist of neurofilaments that possess unusually high resistance to solubilization by detergents and appear on negative staining in electron microscopy as paired helical filaments. Plaques seem to be the result of degenerative processes in neurites. They contain paired helical filaments in an amyloid matrix.
Abundance of these changes, expecially when found in the hippocampus and other cortical areas as well, provides a pathologic diagnosis of Alzheimer disease. Loss of cognitive function and memory is a general symptom that may not necessarily be a reflection of these pathologic changes in every case. While most patients afflicted with these symptoms excessively will demonstrate the lesions, other disorders, not associated with plaques and tangles, may also lead to loss of memory, although less frequently. Furthermore, aging itself, even when associated with mild degrees of loss of cognitive function or memory, will reveal occasional plaques and tangles, but again with lesser frequency and density. In these cases, lesions are usually confined to the hippocampus. Oth Subsequent studies have shown (3) that the macroheterogeneity was posttranslational and depended on phosphorylation. Thus, antibodies from group II reacted exclusively with phosphorylated neurofilaments; those ofgroup III, with nonphosphorylated epitopes in neurofilaments that are masked by phosphorylation; and antibodies from group IV, apparently with a more accessible, nonphosphorylated neurofilament epitope. In tissue sections, trypsin or phosphatase treatment alone had no effect on the immunocytochemical staining by antibodies from group II. However, trypsin followed by phosphatase reduced the staining. Trypsin treatment abolished the staining by antibodies from group III. However, the staining with these antibodies reappeared by subsequent phosphatase treatment but was converted to axonal staining-i.e., from a group III to a group II pattern. The data permitted the conclusions that neurofilaments in dendrites, perikarya, and proximal axons are nonphosphorylated and that phosphorylation occurs during transport along the axon. Furthermore, it was apparent that phosphorylated neurofilaments were more compact than nonphosphorylated forms.
Alzheimer tangles are perikaryonal constituents. They have been shown by Selkoe et al. (4) to differ from normal neurofilaments in their resistance to solubilization by even extensive treatment with sodium dodecyl sulfate and, thus, can be considered highly compacted structures at least with regard to tertiary conformation. In contrast, normal perikaryonal neurofilaments, which are not phosphorylated, seem, according to our data, of noncompact configuration. It appeared, therefore, of interest to study phosphorylation of Alzheimer tangles and plaques and to examine the compactness of these structures with regard to susceptibility to dephosphorylation.
MATERIALS AND METHODS
This study includes two cases of Alzheimer disease, one case of Down syndrome, and a case of cerebral infarct. The first three cases exhibited progressive dementia and revealed, on autopsy, severe changes of the Alzheimer type in hippocampus and neocortex. The last case had only few changes of the Alzheimer type.
Paraffin sections were stained immunocytochemically (5) by using monoclonal first-layer antibodies, goat anti-mouse 4274 The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
immunoglobulin, and ClonoPAP (peroxidase-monoclonal anti-peroxidase complex (3, 6) . The first-layer antibodies were against phosphorylated neurofilament epitopes (antibodies 07-5, 03-44, 06-17, 04-7, and 06-68). Dephosphorylation of sections was carried out by treatment with trypsin for 10 min followed by phosphatase for 2.5 hr and again with trypsin for 10 min and phosphatase for 18 hr at concentrations of 400 pug/ml for both enzymes as reported (3).
RESULTS
Axons of normally appearing tissues in the four cases stained with all five anti-phosphorylated-neurofilament antibodies.
The two cases of Alzheimer disease and the case of Down syndrome had extensive hippocampal lesions in which axons stained by these antibodies had been deleted. There were many tangles and plaques. The case of cerebral infarct had no tangles or plaques. In the Alzheimer and Down cases, tangles were stained by antibody 07-5 (Fig. 1) . A lesser number of tangles and plaques were revealed by other antibodies that recognize phosphorylated epitopes.
Treatment with trypsin and phosphatase abolished the staining in tangles and plaques (Fig. 2) .
DISCUSSION
The antibodies from group II, used in the present study, react with phosphorylated epitopes of neurofilaments. These antibodies reveal exclusively projection axons in normal-appearing rat (1) (6) , and by differences in degrees of susceptibility of neurofilaments in paraffin sections to treatment by trypsin and phosphatase when analyzed by different antibodies from group II. The finding that only antibody 07-5 reacted with all of the tangles, while the others reacted with only a few of them contrasts with the observations in normal tissues in which many axonal projections were revealed by any of these antibodies. Concurrent studies (10) have shown that tangles of aluminum poisoning in the rabbit, which morphologically resemble those of Alzheimer disease, are also phosphorylated. However, in contrast to the tangles of Alzheimer disease, they react better with antibodies 06-17 and 03-44 and not at all with antibody 07-5. Thus, although the lesions of aluminum intoxication and Alzheimer disease present similar morphologic features and although both lesions exhibit a shift of phosphorylation from an axonal to a perikaryonal location, the submolecular sites involved in the aberrant neurofilament phosphorylation process appear to be different. It is conceivable that this aberrant phosphorylation confers sufficient compactness to neurofilaments to prevent their further migration into the axon. Only one or few of the normal phosphorylation sites seem to be involved in this premature phosphorylation, in line with the impression that neurofilaments in Alzheimer tangles may be less compact than those in normal axonal projections.
The preferential phosphorylation of only one or a few phosphorylation sites in Alzheimer disease suggests that a specific neurofilament kinase is involved and that there exist different kinases for different phosphorylation sites. If the Alzheimer lesion, indeed, is due to unbalanced involvement of only one or few highly specific kinases, then a search for a specific inhibitor may have therapeutic potential. Such an inhibitor may be an analog to the binding site of the kinase with a specific neurofilament region that mediates transfer of phosphate to this site.
While the present work includes only a limited number of cases, another study (11) , with additional cases of Alzheimer disease, also revealed phosphorylated tangles restricted to the 07-5 site.
It has sometimes been questioned whether Alzheimer tangles are primarily composed of neurofilaments or whether their formation is due to a disturbance in other proteins. Wisniewski et al. (12) suggested that neurofilaments merely provide a passive "decoration" of Alzheimer tangles. Indeed, Igbal et al. (13) (7) is essential for the formation of normal, compact axonal neurofilaments (3) , the selected phosphorylation of a single site, as now observed in Alzheimer tangles, may result in irregular and incomplete assembly, morphologically identified as tangles, and immunocytochemically revealed by presentation of new epitopes (15) in addition to those shared with normal neurofilaments.
Two monoclonal antibodies to the 200-and 150-kDa neurofilament proteins (9), respectively, as used by Rasool et al. (15) failed to react with isolated Alzheimer tangles, although they did react in situ. Presumably, their reaction in situ may have been with a component of perikarya not actively associated with Alzheimer tangles. The failure of some antibodies to neurofilaments to react with Alzheimer tangles is expected, however, even if Alzheimer tangles are exclusively a product of neurofilaments. Only one of the antibodies to phosphorylated neurofilament epitopes reacted with Alzheimer tangles in the present study, and none of them reacted in normal perikarya. Also, most antibodies to nonphosphorylated forms of neurofilaments are masked from reaction with phosphorylated axonal neurofilaments (3) , and some of them may be masked equally from reaction with phosphorylated Alzheimer tangles.
